In this study, the effect of solid solution temperature on microstructure and mechanical properties of the AA7075 alloy after T6 heat treatment was investigated. Following solid solution at five different temperatures for 2 hours, the AA7075 alloy was quenched and then artificially aged at 120 ∘ C for 24 hours. Hardness measurements, microstructure examinations (SEM+EDS, XRD) and tensile tests were carried out for the alloys. The results showed that the increased solid solution temperature led to formation of precipitates in the microstructures and thus caused higher hardness and tensile strength.
Introduction
7xxx series aluminum alloys maintain their attractiveness due to their high strength and have increasing use in the aviation industry. In recent years, there seems to be a significant increase in the number of studies using different processes to further improve the strength and other properties (e.g. corrosion) of these alloys [1] [2] [3] . The most commonly preferred method to improve the strength of Al-Zn-Mg-Cu alloys is artificial aging (T6) heat treatment. Also, the strength of 7xxx series alloys can be improved significantly using different heat treatment processes (re-aging [RRA]) and high temperature pre-precipitation (HTPP) [4] [5] [6] [7] [8] [9] [10] [11] [12] . Among 7xxx series aluminum alloys, AA7075 is the most preferred. This alloy is used in the aerospace industry in particular due to its good mechanical properties such as high strength, ductility, and toughness. The strength of the AA7075 alloy is improved using different heat treatments. T6 heat treatment applied to this alloy is one of the most important ways that improve the mechanical properties of the alloy with both the solid solution heat treatment and the artificial aging treatment [13, 14] . T6 heat treatment is applied in three steps. The first step is the solution treatment (forming the solid solution), the second step involves the rapid cooling (forming the supersaturated structure), and the final step is the aging treatment (precipitation hardening) [15] . During the hardening of the alloy, some uncontrolled phases form in the structure. The purpose of the solution treatment is to ensure these uncontrolled phases in the structure dissolve during the hardening of the alloy. This treatment is carried out at a temperature below the eutectic temperature or in the singlephase region above the solvus curve. Once the dissolution is completed, the rapid cooling is performed to form the supersaturated solid solution structure. At this stage, a supersaturated solid solution is obtained at room temperature by rapidly cooling the structure with quenching. In the first step, the second phase (MgZn 2 ) precipitates are formed in the structure by applying aging heat treatment at certain temperatures for certain durations. The second phase (MgZn 2 ) precipitates formed in the structure by aging treatment allow for improving the strength of the material. These precipitates formed in the structure by aging depend on the degree to which uncontrolled phases that form in the structure during hardening dissolve. For this reason, this study aims to investigate changes in the microstructure and mechanical properties of the AA7075 alloy solution treated at five different solid solution temperatures after T6 heat treatment. 
Materials and Method
In the experimental studies, the AA7075 aluminum alloy that is commonly used in the sector of space and aerospace owing to its specific weight, high strength, electrical and thermal conductivities was used in the experimental studies. AA7075 alloy which is used in this study, was taken from ACA METAL Industrial firm. Chemical composition of the AA7075 alloy used in the experimental studies is given in the Table 1 . The alloy to be used in the experiments was homogenized for 2 hours at 500 ∘ C (at a heating rate of 10 ∘ C/min) prior to the aging processes. Homogenized stick AA7075 aluminum alloy of 9 mm in diameter was treated sensitively in the turning machine and tensile samples were prepared according to ASTM: B557M-10 standards.
The alloys were solid solution treated at 5 different temperatures (465 ∘ C, 470 ∘ C, 475 ∘ C, 480 ∘ C, and 485 ∘ C) for 2 hours, rapidly cooled and artificially aged at 120 ∘ C for 24 hours. The alloys prepared by standard metallographic procedures were etched using 2 ml HF, 3 ml HCI, 20 ml HNO 3 , 175 ml H 2 O (Keller's) solution for 10-15 seconds. "Jeol JSM-6060" scanning electron microscope (SEM) was used for microstructure examinations and fracture surfaces. Rigaku D-Max Rint-2200 Series device was used for XRD analysis to determine phases formed in microstructure. The hardness measurements were performed using Affri hardness measurement device and the average of five measurements was taken. Tensile test were carried out using Shimadzu AG-IS (50 kN) tensile machine at cross head speed of 2 mm/min. Figure 1 shows SEM images of the AA7075 alloy aged at 120 ∘ C for 24 hours following solid solution at 5 different temperatures. SEM images given in Figure 1 show that the structure consisted of α-Al, Al-Zn-Mg eutectic, and micro-gaps formed in the structure. Also, MgZn 2 precipitates seem to have formed in the structure after solid solution at dif- ferent temperatures and aging treatment. Figure 2 shows the XRD results of the specimen after T6 heat treatment.
Results and Discussion
The XRD results showed the MgZn 2 precipitates in the microstructure. Second phase precipitates are the most important factors improving the strength of the alloy. It is noted in a previous study that second phases such as Al 7 Cu 2 Fe, Al 2 CuMg, and MgZn 2 form in the structure of the AA7075 alloy [16] . Table 2 shows the EDS results of the AA7075 alloy applied solid solution at 485 ∘ C. According to the EDS results, points 1 and 3 number can be seen as Znrich regions. Second phase precipitates (MgZn 2 ) formed in the structure after T6 heat treatment are the most important factors improving the mechanical strength of this alloy. On the other hand, intermetallic phases such as Al 7 Cu 2 Fe and Al 2 CuMg are also reported to contribute to improved strength in 7xxx series alloys in a previous study [17] . Precipitates observed in the SEM images given in Figure 1 may be attributed to these compounds. Figure 3 shows the hardness and tensile strength change of the alloy after solid solution at different temperatures followed by aging treatment.
As shown in Figure 3a , the hardness values of the alloys increased with increasing solid solution temperature. The minimum hardness value was 192 HV for the alloy solid solution treated at 465 ∘ C. The maximum hardness value, on the other hand, was 212 HV for the alloy solid solution treated at 485 ∘ C. This increase in the hardness value may be interpreted as that the dissolution process achieved its purpose by formation of precipitates with the increase in solid solution temperature. Figure 3b shows the effect of the solid solution temperatures on tensile strength. As a result of the tensile tests tensile strength was 610 MPa for the specimen treated at 465 ∘ C, whereas the highest applied to specimens solid solution treated at different temperatures followed by aging, it was seen that the increased solid solution temperature led to an increased in tensile strength. The lowest tensile strength was 632 MPa for the specimen treated at 485 ∘ C. The increase in the solid solution temperature causes compounds which form in the structure during the hardening of the alloy in an uncontrolled manner to further dissolve and the quenched at room temperature leads to more effective formation of the supersaturated solid solution structure. Thus, the supersaturated solid solutions in the structure which occur more effectively and the increased precipitate amount due to aging cause the strength of the material increase further. Mahathaninwong et al. [18] note that alloy compounds completely dissolve without forming brittle and coarse particles due to increased solid solution temperature, the quenched at room temperature leads to formation of compound and element precipitates in the rich solid solutions, and the strength of the alloy increases. Figure 4 shows the fractured surface SEM images of the alloys, which were solid solution treated at different temperatures followed by aging, after the tensile test.
The fractured surface SEM examinations given in Figure 4 showed pores on the fracture surfaces. The fracture seems to have occurred due to small gaps between aluminum grains separated by grain boundaries joining together with the effect of tension applied to specimens. While there were some small gaps within the alloy, others were formed by dislocation and second phase precipitates formed in the structure due to aging. As seen in Figure 4 , the mode of the fracture which occurred after the tensile test was ductile. This was evident from the presence of fine and round pores and large number of pits. The ductile fraction which occurred in the structure was supported by joining of small gaps, which led to formation of larger pits as seen in fractured surface images [11, 19] .
Conclusion
The following results are obtained in the present study for the specimen solid solution treated at 5 different temperatures for 2 hours and then artificially aged at 120 ∘ C for 24 hours.
• It was found that the increased solid solution temperature led to formation of precipitates in the alloy's structure. • The increased solid solution temperature led to an increase in the hardness of the alloy. • In tensile tests, the maximum tensile strength was observed for the maximum solid solution temperature.
